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OPTICAL WAVE GUIDE ELEMENT, AND MANUFACTURE THEREFOR 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention; 

The present invention relates to an optical wave guide element 
wherein an optical wave guide is formed on a substrate having the 
electro optic effect and the manufacture of the same, in particular, to an 
optical wave guide element characterized by the connection structure of a 
substrate having the electro-optic effect to optical fiber and the manufacture 
of the same. 

(2) Related art statement- 

A dense wavelength division multiplexing (DWDM) technology has 
been developed for optical communication systems corresponding to an 
increase in the demand for high speed, large capacity data communication 
systems in recent years. As a result, it becomes necessary to 'utilize the 
systems by combining a great number of optical wave guide elements, such as 
optical modulators, and in particular*, miniaturization of the bodies of these 
optical wave guide elements and the connection structures of the bodies to 
optical fiber is required for making the entirety compact, so as to prevent the 
entire device from increasing in size. 

An optical wave guide, within an optical wave guide element that 
forms an optical modulator, and optical fiber, for incoming and outgoing 
radiation connected to the optical wave guide, are aligned in an optical 
modulator module (which is formed of a metal case containing the body of an 
optical modulator and parts attached to this, for easy handling) according to 
the prior art. As a result, in the case where the optical modulator module is 
contained in the device box, as shown in Fig 1, the shortest possible length of 
the system is the sum of the minimum curvature length (section R of Fig l) of 
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optical fiber 3 extending from the case of optical modulator module 1 and the 
length L of the case (strictly speaking, lengths U and I2 of support members 4 
and 5, for supporting optical fiber extending from the case, should also be 
added to the above sum). 

As a result, in order to reduce the length of the system containing the 
optical modulator module, as shown in Fig 2, it becomes necessary to 
arbitrarily set the angle between optical fiber for incoming radiation and 
optical fiber for outgoing radiation which extend from the optical modulator 
module so that the system can be bent 90°, for example, eliminating the 
minimum curvature length (section R) of the optical fiber. 

Here, 6, shown in Figs 1 and 2, indicates terminals which allow the 
input of a signal voltage of a microwave and the output of a detection signal 
from a light receiving element contained in optical modulator module 1. In 
addition, in order to reduce optical loss in the connection between the optical 
modulator and the optical fiber, as shown in Figs 1 and 2, the connection 
between the optical modulator and the optical fiber has an inclination of 
approximately 2°. 

As shown in Fig 2, in order to bend the optical fiber for incoming 
radiation 90°, (1) a method for bending the optical fiber 90° within the case of 
optical modulator module 1 (Japanese Unexamined Patent Publication 
H7(l995)-294781), (2) a method for bending the optical axis of incoming light 
into or outgoing light from the optical wave guide element 90° by using a 
reflective member such as a prism (Japanese Unexamined Patent Publication 
2001-242338), and the like, have been proposed. 

When method (1) is used, however, it becomes necessary to 
additionally secure a space to contain the optical fiber that has been bent 90° 
inside the case, causing the length L J of the case to be extended. Furthermore, 
when method (2) is used, the length U of the case becomes long in the same 
manner as in method (1) in order to secure the space for containing the 
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reflective member, and in addition, the manufacturing process becomes 
complicated because the optical positions must be adjusted and, therefore, 
method (2) is defective in that manufacturing becomes difficult. 

. An object of the present invention is to solve the above described 
problem, and to provide an optical wave guide element for making the 
miniaturization of the entire device including the optical wave guide clement 
possible, by connecting optical fiber for incoming and outgoing radiation to the 
optical wave guide element, so that the optical wave guide element and the 
optical fiber are positioned at an angle of approximately 90°, as well as to 
provide a manufacturing method for the same. 

SUMMARY OF THE INVENTION 
In order to solve the above described problems, the invention 
according to Claim 1 provides an optical wave guide element having a 
substrate which has the electro-optic effect and an optical wave guide formed 
on the substrate, characterized by comprising : a reflective means formed on a 
side of the substrate where an end of the optical wave guide is positioned; and 
optical fiber connected to the substrate which is placed apart from the optical 
wave guide, wherein light waves that propagate between the reflective means 
and the optical fiber propagate within the substrate excluding the optical 
wave guide. 

The invention according to Claim 1 is provided with a reflective means 
on a side of the substrate where the optical wave guide is formed, so that the 
light reflected from this reflective means, or the light that enters the reflective 
means propagates through the substrate which is optically coupled with 
optical fiber. As a result, a reflective member, such as a prism, is not 
required to bend the optical axis 90°, unlike the prior art, and it becomes 
possible to achieve the miniaturization of the optical wave guide element in a 
simple configuration where optical fiber is simply connected to the substrate. 
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In addition, the invention according to Claim 2 provides the optical 
wave guide element according to Claim 1, characterized in that the optical 
fiber is connected to a side of the substrate where the reflective means is not 
formed, or to bottom surface of the substrate. 

The invention according to Claim 2 allows the light reflected from the 
reflective means, or the light that enters the reflective means, to propagate 
through the substrate and therefore, a side, or the bottom surface of the 
substrate, can be utilized for the connection of the optical fiber to the 
substrate, significantly increasing the freedom of the design of the entire 
device that includes the optical wave guide element. 

In addition, the invention according to Claim 3 provides the optical 
wave guide element according to Claim 1 or 2, characterized in that the 
propagation distance of light waves, which propagate inside the substrate 
excluding the optical wave guide, is 200 pm or less. 

The invention according to Claim 3 makes it possible to limit the loss 
of light waves in the optical coupling between the optical wave guide and the 
optical fiber to 3 dB or less by limiting the propagation distance of light waves, 
which propagate through the substrate excluding the optical wave guide, to 
200 pm or less. In particular, it also becomes possible to limit this loss to 1 
dB or less by limiting the propagation distance to 100 pm or less. 

In addition, the invention according to Claim 4 provides the optical 
wave guide element according to any of Claims 1 to 3, characterized in that 
the angle formed between the normal direction of the reflective means and the 
optical axis of the optical wave guide that makes contact with the reflective 
means is no smaller than the angle of the total reflection of the light waves 
that are transmitted through the optical wave guide. 

The invention according to Claim 4 allows the reflection of light waves 
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from the reflective means to be the total reflection and therefore, the loss in 
the amount of light waves can be limited, making it possible to achieve a more 
effective light propagation. 

In addition, the invention according to Claim 5 provides the optical 
wave guide element according to any of Claims 1 to 4, characterized in that 
the reflective means has a reflective film. 

The invention according to Claim 5 provides a reflective film to the 
reflective means and thereby, it becomes possible to enhance the reflection 
efficiency of light waves, and the freedom of setting the angle of the reflective 
means relative to the substrate is increased, making it easy to design the 
device. 

In addition, the invention according to Claim 6 provides the optical 
wave guide element according to any of Claims 1 to 3, characterized in that 
the reflective means separates the light waves transmitted from the optical 
wave guide side into transmitted light and reflected light so that the 
transmitted light is made to enter a light receiving element provided outside 
the substrate. 

The invention according to Claim 6 separates the light waves exiting 
from the optical wave guide into transmitted light and reflected light by 
means of the reflective means and therefore, it becomes possible to easily 
monitor the output light of an optical wave guide element, such as an optical 
modulator, simply by placing a light receiving element on the optical axis of 
the transmitted light. 

In addition, the invention according to Claim 7 provides a 
manufacture for the optical wave guide element according to any of Claims 1 
to 6, characterized in that the position where the substrate and the optical 
fiber are connected is determined while the light intensity of the light waves 



5 



that propagate through the substrate excluding the optical wave guide is 
being detected. 

The invention according to Claim 7 determines the position where the 
substrate and the optical fiber are connected while detecting the light 
intensity of the light waves that propagate through the substrate and 
therefore, it becomes possible to enhance the efficiency of the optical coupling 
between the two members, making it possible to provide an optical wave guide 
element with a small optical loss. 

Furthermore, in the case where a wave guide is provided between the 
above described reflective means and the optical fiber, adjusting the angle 
between the reflective means and this wave guide is extremely difficult, 
causing an increase in the loss of the light waves that propagate through the 
wave guide. The present invention prevents such a wave guide from being 
formed and therefore, manufacturing the optical wave guide clement is easy, 
and it is possible to restrict an increase in the loss of light waves, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a diagram showing the structure of an optical modulator 
module according to the prior art; 

Fig 2 is a diagram showing the structure of an optical modulator 
module according to the present invention; 

Fig 3 is a diagram showing the connection between an optical wave 
guide element chip and optical fiber according to the present invention; 

Fig 4 is a perspective diagram showing the connection between the 
optical wave guide element chip and the optical fiber according to the present 
invention; 

Fig 5 is a diagram showing the connection between an optical wave 
guide element chip and optical fiber according to another embodiment of the 
present invention; 

Fig 6 is a diagram showing the connection between an optical wave 
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guide element chip and optical fiber in the case where a reinforcing member of 
the optical fiber is used; and 

Fig 7 is a diagram showing the connection between an optical wave 
guide element chip and optical fiber, in the case where a reinforcing member 
is used at an end of an LN substrate. 
[Explanations of Numerals] 

I Optical modulator module 
2, 3, 13 Optical fiber 

10 Optical wave guide element chip 

II Optical wave guide 
12 Reflective means 
16, 17, 18 Reinforcing member 



DETAILED DESCRIPTION OF THE INVENTION 
In the following, the preferred embodiments of the present invention 
are described in detail. 

Here, though an optical modulator is illustrated as an optical wave 
guide element in the following embodiments, the present invention is not 
limited to the optical modulator, but rather, it is possible to apply the present 
invention to an electric field sensor element, or the like, for an optical electric 
field sensor system. In addition, the optical modulator module is not limited 
to containing only an optical wave guide element, but rather, it is possible for 
the module to also contain a light source, such as a semiconductor laser, and a 
variety of optical parts or electronic parts, such as a light receiving element. 

The substrate where the optical wave guide element is formed is made 
of a material having the electro-optic effect, such as lithium niobate (LiNbO;*; 
hereinafter referred to as LN), lithium tantalite (LiTaOa), PLZT (lead 
lanthanum zirconate titanate) or a quartz-based material. In particular, it is 
preferable to use an LiNb03 crystal, an LiTaOa crystal, or a solid solution 
crystal made of LiNb03 and LiTa03 due to the fact that an optical wave guide 
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device can be easily formed of any of these crystals which have a large 
anisotropy. The present embodiment primarily refers to an example using 
lithium niobate (LN). 

A method for forming an optical wave guide by thermally diffusing Ti 
in an LN substrate, and subsequently forming an electrode directly on the LN 
substrate without providing a buffer layer over a portion or the entirety of the 
substrate, and a method for forming an electrode that makes indirect contact 
with the substrate by providing a buffer layer, such as Si02 which is dielectric, 
on an LN substrate in order to reduce the propagation loss of light in the 
optical wave guide and furthermore, forming a modulating electrode and a 
grounding electrode having thicknesses of several tens of pm on top of the 
buffer layer according to the formation of a Ti • Au electrode pattern, and 
according to a gold plating method or the like, are cited as methods for 
manufacturing an optical wave guide element. In general, a plurality of 
optical wave guide elements is fabricated on one LN wafer, which is cut into 
individual optical wave guide element chips at the last stage and thereby, 
optical wave guide element chips are manufactured. 

An optical wave guide element chip is conventionally utilized in a 
module* Concretely speaking, the optical wave guide element chip is 
contained in a metal case, and optical fibers for the input and output of light 
waves, and leads for the electrical connection to signal electrodes and the like, 
are respectively extended from the body of the optical wave guide element 
chip to the outside of the metal case. 

Fig 3 is a diagram showing the connection between an optical wave 
guide element chip 10 and optical fiber 13 which characterizes the present 
invention. 

An optical wave guide 11 is formed on the surface of chip 10 and a 
reflective surface 12, which is a reflective means, is provided on a side of the 
chip substrate. 
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This reflective surface is formed so that the efficiency of the reflection 
of the light waves propagating through optical wave guide 11 is increased by 
polishing the reflective surface until it becomes a mirror surface. In addition, 
it is also possible to provide a reflective film made of metal, or a reflective film 
which is a multilayered film made of dielectrics, on the reflective surface. 

Furthermore, angle © formed between optical wave guide 11 and 
reflective surface 12 (angle <3> has a value gained by subtracting the angle of 
incidence of the light waves from 90° concerning the light waves that enter the 
reflective surface from the optical wave guide) is set so that the angle of 
incidence of the light waves becomes that of the total reflection and thereby, it 
becomes possible to restrict the light waves from being transmitted through 
reflective surface 12 to the outside of the chip, and to reduce the loss of the 
light propagation. 

Here, in the case where light waves 14 propagating through the 
substrate, excluding the below described optical wave guide, enters reflective 
surface 12, the same effects can be expected by forming the substrate so that 
the angle of incidence of light waves 14 entering reflective surface 12 becomes 
that for the total reflection. 

In addition, light waves 14 reflected from reflective surface 12 (In the 
case where optical fiber 13 is for incoming radiation, light waves 14 enter 
reflective surface 12. The following description primarily refers to a case 
where light waves exit optical wave guide 11 and enter optical fiber 13 in 
order for the content to be easily understood.) propagate through the 
substrate where an optical wave guide is not formed and exit from another 
side 15 of the substrate so as to enter optical fiber 13. 

Angle ii formed between side 15 of the substrate and optical wave 
guide 11, which is the angle formed between fight waves 14 that have exited to 
the outside of the substrate and optical wave guide 11, is set at approximately 
90°. 

Next, an appropriate value of propagation distance S of light waves 
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that propagate inside the substrate is described. 

In the case where the light beam, having a beam diameter of wi and a 
wavelength of A, propagates through a medium having a refraction index of n 
by a distance of 1, the diameter W2 of the beam after the propagation is 
represented by the following equation. 

W2 = wi x (1 + (X • 1 / (nnwi2))2)i/2 ...(l) 

In addition, the condition where light waves arc coupled via a 
reflective means liie in the present invention is considered to be achieved in 
the two coupled wave guides wa and W4, having different diameters of the 
propagation modes of light waves, and efficiency A of coupling at this time is 
represented by the following equation, in the case where the condition is 
presumed to be an ideal condition having no shifts in the optical axis or in the 
angle. 

A=4/(w 3 / w 4 + w 4 /w 3 ) 2 ... (2) 

In the case wherein an LN substrate is presumed to be utilized as a 
substrate having the electro-optic effect, n = 2.15, wi = 9 ym (the diameter of 
the light mode of WG) and X = 1550 nra are substituted into equations (1) and 
(2) so that ws and efficiency A of coupling vis-a-vis the optical fiber are found 
in the cases of 1 = 0.05, 0.1, 0.15, 0.2, 0.25 and O.3.' Here, the diameter of the 
light mode in the optical fiber is 10 pm. 

The results of calculations in the respective conditions are shown in 
Table 1. 
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Table l: 

Efficiency of Coupling of Optical Beam According to Present Invention 



1 / \ 

1 ImmJ 


w 2 (jim) 


coupling efficiency 
A 


coupling loss 
(dB) 


0.05 


10.34 


0.99S 


-0.0087 


0.1 


13.60 


0.911 


-0.4 


0.15 


in rj r- 

17.75 


0.732 


-1.35 


0.2 


22.23 


0.558 


-2.53 


0.25 


27.04 


0.423 


-3.73 


0.3 


31.89 . 


0.326 


-4.86 



Judging from the results of Table 1, the coupling loss can be limited to 
3 dB or less in the case where propagation distance S of light waves is 0*2 mm 
or less, and more preferably, it becomes possible to limit the coupling loss to 1 
dB or less by setting the propagation distance at 0.1 mm or less. In addition, 
propagation distance S, that makes the coupling loss 1 dB, is approximately 
135 iim. 

The present invention is characterized in that the spread of the light 
beam diameter is restricted to a cei-tain extent, even in the case where light 
waves propagate approximately 100 ]im within the substrate. The 
propagation of a light beam in the air conventionally results in a w 2 of 23.7 pm 
and . a coupling loss of -2.92 dB for a propagation distance of 0.1 mm in the 
same conditions as described above. In the same manner, in the case where 
the propagation distance is 0.2 mm, W2 becomes 44.77 pm and the coupling 
loss becomes '7.45 dB. 

Accordingly, it is necessary to set the propagation distance between 
the optical wave guide and the optical fiber at less than 0.1 mm in the 
conventional configuration, wherein light waves are emitted once into the air 
from the optical wave guide so as to enter the optical fiber via a prism, or the 
like. Practically, such a configuration is difficult to achieve, and an image 
formation member such as a lens is additionally required. 

In contrast with this, in the case where light waves propagate within 
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the substrate like in the present invention, it is possible to directly connect 
optical fiber to side 15 of the. substrate, as shown in Pig 3, and it is also 
possible to easily secure propagation distance S at 200 pm or less in the 
configuration by adjusting the positions where the substrate is cut to create 
sides 12 and 15. 

According to the present invention, wave guide 11 and optical fiber 13 
form an angle of 90° and therefore, when © is determined, q is automatically 
found. 

Many combinations of 0 and q exist that make light totally reflect at 
14, and that make wave guide 11 and optical fiber 13 form an angle of 90°, 
including an example where © = 41° and q = 23.78°, 

At this time of alignment, the distance between the LN substrate and 
the optical fiber (the special distance between the LN substrate and the 
optical fiber) becomes 27.54 pm. In order to shorten this distance, q should 
be reduced, and the distance between the LN substrate and the optical fiber 
becomes 7.7 pm when q = 7.04° (at this time, © becomes 43.85°). 

The shorter the distance between the LN substrate and the optical 
fiber is, the more the loss in the modulator can be reduced. However, 
processing becomes more difficult when q is reduced and therefore, the values 
of © and ri are determined by offsetting the loss in the modulator with the 
yield. 

Fig 4 is a diagonal diameter showing an optical wave guide element . 
according to the present invention, and the same numerals used in Figs 3 and 
4 indicate the same parts. 

A reinforcing member is usually used in order to increase the strength 
of adhesion at the time when fiber is adhered to an LN substrate. A 
reinforcing member 16 provided on an LN substrate, as shown in Fig 4, and a 
reinforcing member 17 for supporting fiber, as shown in Fig 6, are cited as 
examples of the reinforcing member. 

In addition, as shown in Fig 6, in the case where an LN substrate and 
fiber are adhered to each other solely by means of reinforcing member 16 or 17, 
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reinforcing member 17 protrudes from LN substrate 10, preventing an 
adequate effect from being achieved in some cases. 

In such a case, as shown in Fig 7, another reinforcing member 18 is 
connected to LN substrate 10, and after that, adhesion between the LN 
substrate and the fiber may be carried out using reinforcing member 17. 

In the case where the refraction indices of the respective members, the 
LN substrate, reinforcing members 17 and 18, shown in Fig 7, are denoted as 
ni, n2 and n3, while the coefficients of thermal expansion of the respective 
members are likewise denoted as ai, 02 and 03, it is desirable for reinforcing 
member 18 to have refractive index n3 that satisfies the condition m sin (n/2 ■ 
6) ^ n-j, and to have coefficient (13 of thermal expansion that satisfies the 
condition ai % a;j. 

With respect to reinforcing member 17, though it is not necessary for 
n2 to be particularly limited, it is desirable for az to have approximately the 
same level of the coefficient of thermal expansion of optical fiber. 

In addition, an appropriate shape of the end of optical fiber 13 is not 
necessarily the surface perpendicular to the optical axis, as shown in Fig 3, 
but rather can be selected from among curvatures and inclined surfaces in 
accordance with the angle of connection to side 15 of the substrate. 

According to another embodiment, it is possible for the position of 
reflective means 12 in the configuration to be set so that light waves advance 
beneath the chip surface, as shown in Fig 5. As a result of this, the positions 
of the chip and optical fiber can be set in various manners, increasing the 
freedom of designing the device. 

It is possible to apply the present invention to the configuration 
wherein light waves are divided into transmitted light and reflected light by 
means of a reflective means, so that the transmitted light is made to enter a 
light receiving element which is additionally provided to monitor the amount 
of light waves. 
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In addition, it is preferable for chip 10 and optical fiber 13 to be 
connected to each other at the optimal position, where the amount of the 
received light is maximized as a result of monitoring the amount of light 
emitted from either end of the chip side, or the connected optical fiber side, 
when a light beam enters the other end at the time of connecting chip 10 to 
optical fiber 13. An adhesive having a high light transmittance, such as an 
ultra violet curing adhesive, can be used for this connection. 

Here, the present invention is not limited to the above description, but 
rather, it is obviously possible to add extra components to the optical wave 
guide element according to a technology well known in the art. 

As described above, in accordance with an optical wave guide element 
and a manufacturing method for the same according to the present invention, 
it becomes possible to miniaturize the entire device, including the optical wave 
guide element, by connecting optical fiber for incoming and outgoing radiation 
to the optical wave guide element, so that the optical wave guide element and 
the optical fiber are positioned in a manner forming an angle of approximately 
90*. 
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